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(54) Clutcti pressure control during override of initial shift in an automatic transmission 



(57) The present invention has been made in con- 
sideration of preventing a shock in speed change and 
redudng a time required to execute an entire speed 
change operation rf a second speed change is deter- 
mined during a first speed change operation. If a down- 
shift to a first speed stage is determined during an up- 
shift operatton from the first to the second speed, the 
hydraulic pressure in tiie second speed change opera- 
tion Is controlled depending on the speed change state 
of the first speed change operation at the time of deter- 
mination of the second speed change. For example, if a 
down-shift to the first speed stage is determined in a 
torque phase in which the up>^hift operation from the 
first to the second speed is conducted, namely t)efore a 
speed change in which there is a change in rotation of 
an Input shaft is started, only completion control of the 
down-shift operation is executed. If tiie down-shift to the 
first speed stage is determined in an inertia phase; 
namely after the speed change has been started, 
hydraulic control is started with the initial speed change 
control of the down-shift operation. 
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Description 

The present invention relates to an automatic trans- 
mission mourrted on a vehicle and, more particularly, to 
a speed change corrtrol apparatus wherein during a 
speed change operation, another speed change operar 
tion different therefrom is determined. 

Description of the Related Art 

Generally. In a vehicle having an automatic trans- 
mission, during a speed change operation to a predeter- 
mined speed stage, a speed change to a speed stage 
different from the predetermined speed stage is some- 
times determined. For example, during a speed change 
from a first speed to a second speed, a Idck-down oper- 
ation that an accelerator pedal is depressed suddenly 
sometimes dispatches an instruction to execute a 
speed change operation to the first speed. 

Conventionally, as descra^ed in Japanese Patent 
Application Laid-Open Sho No. 61-46561 for example, 
even if an pp-shift instruction is entered during a down- 
shift operation, the up-sh'rft operation is inhibited until 
the down-shift operation is terminated. As a result, a 
sufficient amount of oil is discharged from an accumula- 
tor of a high-speed stage frictional engagement unit. 
When the servo hydraulic pressure of the high-speed 
stage frictional engagement unit has decreased to a 
sufficiently low level, the up-shift operation is started, 
which prevents a large shock in speed change resulting 
from the resumption of oil supply to the accumulator 
before oil is completely discharged from the accumula- 
tor of the high-speed frictional engagement unit as in 
the case where the up-shift operation is started during 
the down-shift operation. 

l-lowever. according to the prior art described 
above, since the up-shift operation (second speed 
change) is inhibited until the down-shift operation (first 
speed change) is terminated, there is a long time span 
required between the start of the down-shift and the ter- 
mination of the up-sNfl. 

Accordingly, an object of the present invention is to 
provide an automatic transmission control apparatus 
capable of preventing a shock in speed change and 
reducing the time required to execute the speed change 
even if the second speed change is determined during 
the first speed change operation as described above. 

According to claim 1 of the present invention, there 
IS provided an automatic transmission control apparatus 
comprsing a control unit for recaving signals from 
respective sensors based on a vehicle running state 
and outputting a hydraulic pressure signal to hydraulic 
pressure control means to control a hydraulic pressure 
applied to a hydraulic pressure servo of a predeter- 
mined frictional engagement element, wherein the con- 
trol unit has a mutti-speed-change control means for 
outputting the hydraulic pressure control signal to exe- 
cute a second speed change depending on the speed 
change state of a first speed change operation when the 



second speed change is determined during the frst 
speed change operation (e.g. from the first to the sec- 
ond speed) based on signals from the respective sen- 
sors. 

5 According to claim 2 of the present inventioa there 
is provided an automatic transmission control apparatus 
wherein the mutti-speed-change control means sweeps 
hydraulic pressure at a predetermined gradient before 
the first speed change operation causes a change in 
10 rotation of an input shaft(e.g. torque phase), and out- 
puts the hydraulic pressure control signal to cause a 
predetermined change in tiie rotation of the input shaft 
when the first speed change operation causes the 
change in rotation of the input shaft(e.g. inertia phase). 
15 According to datm 3 of the present inventioa there 
is provided an automatic transmission control apparatus 
wherein the first speed change operation includes a plu- 
rality of hydraulic pressure control stages such as servo 
startup control, torque phase control, inertia phase con- 

20 trd, and completion control, the second speed change 
operation includes a plurality of hydraulic pressure con- 
trol stages such as initial speed change control and 
completion control, and the multi-speed-change control 
means sets the hydraulic pressure control stages of the 

25 second speed change operation in accordance with tiie 
hydraulic pressure control stages of the first speed 
change operation at tiie time of detennination of tiie 
second speed change. 

According to claim 4 of tiie present inventioa there 

30 is provided an automatic transmission control apparatus 
wherein the predetermined change in rotation is set 
based on a target rotation change calculated in tiie first 
speed change operation. 

According to claim 5 of tiie present invention, there 

35 is provided an automatic transmission control apparatus 
wherein an input torque at the time of determination of 
the second speed change is estimated, and tiie second 
speed change operation is started with a hydraulic pres- 
sure con^espoTKling to the input torque. 

40 According to daim 6 of the present invention, there 
is provided an automatic transmission control apparatus 
wherein the input torque at the time of determination of 
the second speed change is obtained by calculating a 
correction value from a difference t^etwe^ a throttle 

45 opening degree on which hydraulic pressure control in 
the first speed change operation is based and a throttie 
opening degree at the time of determination of the sec- 
ond speed change and then correcting an input torque 
on which hydraulic pressure control in the first speed 

50 change operation is based using the correction value. 

According to daim 7 of the present invention, tiiere 
is provided an automatic transmission control apparatus 
wherein when the throttie opening degree Is smaller at 
the time of determination of the second speed change 

55 than at the time of the first speed change operation, the 
correction value is set so as to be smaller ttian when the 
throttie opening degree is larger at the time of determi- 
nation of the second speed change than at the time of 
the first speed diange operation. 
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If the second speed change is determined during 
the first speed change operation according to the 
above-described construction, for example, if a dcwn- 
shift to the first speed stage is determined during an up- 
shift operation from the first to the second speed, the 5 
hydraulic pressure in the second speed change opera- 
tion is controlled depending on the speed change state 
of the first speed change operation at the time of deter- 
mination of the second speed change. For example, if a 
down-shift to the first speed stage is determined in 10 
torque phase during an up-shift operation from the first 
to the second speed as shown in Fig. 3, namely before 
a speed change which causes a change in rotation of 
the input shaft is started, only completion control for that 
down-shift is executed. If a down-shift to the first speed is 
stage is determined in inertia phase, namely after the 
speed change is started, hydraulic pressure control is 
executed from the initial speed change control of that 
down-shift. 

The above reference numerals in the parentheses 20 
are given for the purpose of making reference to the 
drawings easy, and they are not intended to limit in any 
sense the construction of the present invention. 

According to claim 1 of the present invention, since 
the hydraulic pressure control for the second speed 2s 
change is esecuted depending on the speed change 
state of the first speed change operation at the time of 
determination of the second speed change, there is no 
need to watt until the first speed change operation is ter- 
minated, thus reducing the time required to execute the 30 
entire speed change operation. Also, appropriate 
hydraulic pressure control can be always performed 
depending on the speed change state. 

According to daim 2 of the present invention, since 
there is no change in rotation of the input shaft before 3S 
the first speed change operation causes a change in 
rotation of the input shaft (namely, in torque phase), any 
sudden change in torque can be avoided by sweep-con- 
trolling the hydraulic pressure at a predetermined gradi- 
ent On the other hand, when there is a change in 40 
rotation of the input shaft (namely, in inertia phsise). an 
excellent speed change characteristic can be obtained 
by controlling the hydraulic pressure to bring the change 
in rotation of the input shaft to a predetermined value. 

According to claim 3 of the present inverrtion, since 45 
operation is shifted to a predetermined hydraulic pres- 
sure control stage for the second speed change 
depending on the hydraulic pressure control stage for 
the first speed change operation at the time of determi- 
nation of the second speed change, a control logic for so 
mutti-speed-change becomes unnecessary, thus reduc- 
ing the memory capacitance of the control unit. There- 
fore, it is possible to reduce costs and improve the 
overall reliability. 

According to claim 4 of the present invention, the ss 
predetermined change in rotation in the second speed 
change operation is set k>ased on tiie target rotation 
change in the first speed change operation. Thus, 
hydraulic pressure control in the second speed change 




operation cain be executed appropriately based on the 
target rotation change in the first speed change opera- 
tion, although detection by the sensors may not be per- 
formed imrnediately or precisely due to a transient state 
generated during tiie second speed change operation in 
which there is a change in the rotation. 

According to daim 5 of the present invention, it is 
possit)le to cause a change in rotation fc>etween the f irst 
speed change operation and the second speed change 
without delay by setting the hydraulic pressure neces- 
sary to cause a change in rotation in the second speed 
change operation. Therefore, the time required to exe- 
cute the entire speed change operation is reduced. 

According to claim 6 of the present invention, it is 
possible to prevent any response delay in the hydraulic 
control by making corrections using the difference 
between the throttle opening degrees based on the 
input torque in the first speed change operation, 
aHhough direct estimation of tiie input torque during tiie 
second speed change operation, which is likely to 
cause a response delay in the hydraulic control, is unde- 
sirat)le due to the fact that estimation of engine torque 
when there is a change in rotation brings about a time 
delay in an attempt to detect tiie engine rotation pre- 
dsely because the engine is in a transient state. 

According to deum 7 of the present invention, if tiie 
throttie opening is retumed at tiie time of determination 
of the second speed change closer to the value at the 
time of the first speed change operation, a correction 
torque is set to a relatively small value. Therefore, any 
shock during the speed change resulting from an exces- 
sively lowered hydraulic pressure can be avoided. 

Fig. 1 shows an automatic transmission control 
apparatus to which the present invention can be 
applied. Fig. 1(a) shows an electronic control device c 
and Fig. 1 (b) shows a hydraulic control unit. 

Rg. 2 is a flow chart related to tiie present inven- 
tion, f^g. 2(a) shows an up-shift operation from the first 
to the second speed and Fig. 2(b) shows a down-shift 
operation from the second to the first speed. 

Fig. 3 is a time chart related to a hydraulic pressure 
control of the present invention. Fig. 3(a) shows the up- 
shift operation from the first to the second speed and 
Rg. 3(b) shows the down-shift operation from the sec- 
ond to the first speed. 

Fig. 4 IS a time chart related to the hydraulic pres- 
sure control in a case where a speed change to the frst 
speed stage is determined in a torque phase during a 
speed change operation from the first to the secorxl 
speed. 

Rg. 5 is a time chart related to the hydraulic pres- 
sure control in a case where the speed change to the 
first speed stage is determined in an inertia phase dur- 
ing the speed change operation from the first to the sec- 
ond speed. 

Rg. 6 is a time chart related to the hydraulic pres- 
sure control in a case where the speed change to the 
first speed stage is determined after the speed change 
from the first to the second speed has been terminated. 
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Fig. 7 shows oorrection€rf an input torque. Rg. 7(a) 
is a diagram showing a correction value of the input 
torque obtained from a throttle opening degree during 
the speed change operation from the first to the second 
speed and a throttle opening degree at the time when 5 
the speed change to the first speed stage is deter- 
mined. Fig. 7(b) shows a change in the correction value 
due to a difference between both the throttle opening 
degrees. 

Rg. 8 is a diagram showing a change in an engage- 10 
ment hydraulic pressure Pj of a frictional engagement 
element in accordance with an input (turtjine) torque Tj. 

Fig. 9 is a diagram showing a hydraulic pressure 
change rate Poo necessary for generating a target rota- 
tion change rate o'. is 

Hereinafter, an mnbodiment of the present inven- 
tion, which is particularly applicable to a mufti-speed- 
change wherein an instruction is given to execute a 
down-shift to the first speed during an up-shift operation 
from tile first to the second speed, will be described with 20 
reference to the accompanying drawings. 

Rg. 1 is a schematic diagram showing an automatic 
transmission control apparatus, to which tiie present 
invention can be applied. According to this present 
enrtxxfiment. electric signals from an engine rotation ss 
sensor 11. a throttle opening degree sensor 12, an 
automatic transmission input rotation (turbine rotation) 
sensor 13. and a vehicle speed (output rotation) sensor 
1 5 are supplied to an electronic control unit U. The elec- 
tronic control unit U includes a muHi-speed-change con- 30 
trol means 1, which conducts arithmetic operation and 
outputs a result thereof to a linear solenoid valve 16. 

The linear solenoid valve 16 constitutes a hydraulic 
control means. Based on a current value (hydraulic con- 
trol signal) from ttie electronic control unit U. the hydrau- 35 
lie control means acfusts a solenoid modulator pressure 
supplied to an input port 16a and outputs the adjusted 
pressure to an output port 16b. so ttiat the adjusted 
hydraulic pressure is applied to a control hydraulic 
chamber of a shift pressure control valve 17. Based on 40 
a hydraulic pressure of the control hydraulic chamber 
17a. the shift pressure control valve 17 controls a line 
pressure of an input port 1 7b arvJ outputs the controlled 
line pressure to an output port 1 7c. Then, the controlled 
hydraulic pressure is applied to a hydraulic pressure 45 
sen/o 20 which operates a predetermined clutch or 
brake through a predetermined shift valve 19. 

With reference to a flow chart and a time chart as 
shown in Figs. 2 and 3 respectively, hydraulic pressure 
control for the i4>-shift from the first to the secorxi speed so 
and the down-shift from the second to the first speed will 
be explained. 

Rrst the ip-shift operation as shown in Rg. 2(a) 
and Rg. 3(a) will be explained, if an instruction to exe- 
cute speed change from the first to the second speed is ss 
given (SI) (start of speed change control), first a timer 
starts counting (S2) and tiien servo startup control is 
executed (S3), ff a target gear stage is not the first 
speed (S4). the aforementioned servo startup corrtrol is 



continued for a predetermined time tSA [SS), so that a 
predetermined hydraulic pressure is supplied to the 
hydraulic pressure servo 20 for a frictional engagement 
element (e.g. second brake B2) to be engaged at the 
time of the second speed and a hydraulic pressure 
chamber in the hydraulic pressure servo on the engage- 
ment side is filled with oil. 

Then, the engagement hydraulic pressure is main- 
tained at a predetermined value which is higher than a 
piston stroke pressure and causes no change in rotation 
of the input shaft and after that a turt)ine (input) torque 
is estimated (S6). The turbine torque is obtained tsy find- 
ing an engine torque from a map on the basis of a throt- 
tie opening degree and an engine rotation, calculating a 
speed ratio t>ased on the Input/Output rotations of a 
torque converter, finding a torque ratio from the speed 
ratio based on the map, and multiplying the engine 
torque by the torque ratio. Furthermore, a target rotation 
change ratio (target rotational acceleration) a>'. which is 
set for tfie time when the rotation of the input shaft is ini- 
tially changed, is calculated. {ST). 

Next, torque phase control is executed(S8). That is. 
based on a target engagement hydraulic pressure Pt 
just before Qust before the inertia phase) a change in 
the input rotation calculated on the basis of the afore- 
mentioned turiDine torque and a gradient (first sweep 
angle) fixed by a predetermined length of time, the value 
is swept upward. Furthermore, after it reaches the 
engagement (target) hydraulic pressure Fj, it is swept 
upward at a sweep angle gentler than ihe first sweep 
angle due to the hydraulic iiM'essure Poo calculated from 
tiie above-mentioned target rotation change ratio Pg>\ 
Then, the second sweep-upward operation Is continued 
until a change in rotation of the input shaft reaches a ref- 
erence value for determining the start of the speed 
change, which can de detected by the input shaft rota- 
tion sensor 13. Accordingly, when the hydraulic pres- 
sure Po (second sweep-upward amount) 
conresponding to the inertia torque calculated from the 
target rotation change ratio is exhausted, the speed 
change operation is started. In general, at that point of 
time, the inputted engine torque is well t>alanced witti a 
load as a vehicle driving force determined by the torque 
capacitance of tine frictional engagement element on 
the engagement side. Until such start of the speed 
change operation is determined, the frictional engage- 
ment element on the engagement side is in a slipped 
state, which is referred to as a torque phase, causing no 
change in rotation txit in torque disti-ibution ratio. After 
that the torque capacitance of the above-mentioned 
frictior^l engagement element increases arxl eventually 
surpasses the engine torque, establishing tiie inertia 
phase in which the engine rotation starts to decrease 
(the rotation of the iriput shaft changes). 

Furthernrxire. whetiier the target gear stage is the 
first speed is judged again (S9). After tiie aforemen- 
tioned start of speed change is determined (S10). iner- 
tia phase control is conducted (S11). In tiie inertia 
phase control, subsequent to the target rotation speed 
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change ratio <d', a value detected by the input shaft rota- 
tion speed sensor 13 is nKviitored and feedback-con- 
trolled 80 that the rotation speed of the input fihaft is 
subjected to a predeterrrtined target rotation change. 
Then, during the inertia phase control, whether or not 
the target gear stage is the first speed is judged again 
(SI 2). The inertia phase control is continued until the 
speed change operation is terminated (SI 3). When the 
timer counts a predetermined time interval t^ (SI 4), 
completion control is conducted (SI 5). Furthermore, 
whether or rx)t the target gear stage is the first speed is 
Judged again (SI 6). If the timer counts a predetermined 
time interval after the aforementioned termination of 
the speed change operation (S17), the speed change 
control is terminated (S18). The servo startup control 
(S3), torque phase control (S8). inertia phase control 
(S1 1) and completion control (SI 5) constitute a plurality 
of hydraulic control stages in the up-shift operation (first 
speed change). 

The hydraulic pressure on the engagement side 
increases gradually so ttiat the torque capacitance of 
the frictional engagement elements inaeases. When 
the difference in rotation speed t>etween the input and 
output sides of each frictional engagement element is 
eliminated, the speed change is terminated. Further- 
more, a slightly remaining stroke of a cushioning spring 
of each frictional engagement element on the engage- 
ment side is compressed such that the hydraulic pres- 
sure of the hydraulic pressure servo on the engagement 
side becomes equal to a line pressure. Then, the speed 
change control is terminated. 

On the other hand, the down-shift operation from 
the second speed to the f rst speed is conducted as 
shown in Rgs. 2(b) and 3(b). Rrst, based on the deter- 
mination that the speed change from the second to the 
first speed should be executed, the speed change con- 
trol is started (S20). Then, wait control is conducted 
(S21). As a result, the pressure in the hydraulic servo 20 
for the frictional engagement elements being engaged 
in the second speed state is reduced by a predeter- 
mined pressure from the line pressure, upon start of the 
speed change control (speed cfiange instruction). 

Then, after a predetermined time has lapsed, a tur- 
bine torque is estimated as mentioned above (S22), a 
target rotation speed change rate is calculated (S23). 
and initial speed change control is executed (S24). Con- 
sequently, the hydraulic pressure is reduced to a prede- 
termined engagement hydraulic pressure Pj calculated 
based on an input (tuibine) torque, namely, an engage- 
ment hydraulic pressure Pj immediately before the rota- 
tion of the input shaft starts to change, so that the initial 
speed change control state is achieved. Furthermore, 
as described earlier, the pressure is swept down from 
the predetermined engagement hydraulic pressure Pj 
based on the change in hydraulic pressure Pa> calcu- 
lated from the target rotation change rate <d* when the 
rotation of the input shaft has started to change. 

Then, due to the sweep-down operation, the inertia 
phase is achieved so that the engine rotation speed 



increases. Then, the inertia phase control is executed 
t>ased on a change in the input shaft rotation speed, to 
decrease the hydraulic pressure gently (S25). The gra- 
dient in the Inertia phase control is determined based 

5 on the target change in rotation speed of the input shaft 
as calculated during the aforementioned up-shift opera- 
tion. Then, when the engine rotation speed increases to 
reach the first speed level of the automatic transmis- 
sion, the speed change is terminated. Thereafter, the 

10 draining operation is conducted until the hydraulic pres- 
sure becomes zero, arvl the speed change control is 
terminated. Then, after the speed change is terminated, 
completion control is executed (S26) and the speed 
change control is terminated (S27). The wait control 

15 (S21). tiie initial speed change control (S24). and the 
completion control (S25) constitute a plurality of hydrau- 
lic pressure control stages during the down-shift opera- 
tion (secorKf speed change). 

If an instruction to execute the down-shift operation 

20 from the second to the first speed is determined during 
the up-shift operation from the first to tiie second speed, 
before speed change is started, that is, prior to the iner- 
tia phase in which a speed change occurs in the input 
shaft the down-shift operation is started with the afbre- 

25 mentioned completion control. If the down-shift instruc- 
tion is determined after the speed change has t>een 
started, that is. after the inertia phase, the down-shift 
operation is started with the aforementioned initial 
speed change control. 

30 Concretely, in the flow chart as shown in Rg. 2(a). if 
it is judged (S4) that the target gear stage during the 
servo startup control (S3) is the first speed stage and 
(S9) that the target gear stage during the torque phase 
control (88) is also the first speed stage, that Is. if an 

35 instruction to execute the down-shift operation to the 
first speed is determined before the speed change from 
the first to second speed is started (that is. prior to tiie 
inertia phase), the down-shift control is started with the 
completion control as shown in Rg. 2(b). 

40 That is. if a speed change to the first speed is deter- 
mined during the first sweep-up (torque phase) based 
on the target engagement hydraulic pressure Pt as 
shown in Fig. 4. the hydraulic pressure in the hydraulic 
servo 20 is swept down immediately after the afbremen- 

45 tioned determination with a predetermined gradient fol- 
lowing the completion control of the speed change from 
the second to the first speed, and then released rapidly. 
In this state, there is no change in ttie rotation speed Hj 
of the input shaft (turt>ine). 

so If it is judged (S9) that the target gear stage during 
the inertia phase control (S1 1) Is the first speed stage in 
tiie flow chart as shown in Rg. 2(a). the turisine torque 
value estimated when tiie speed change from the first to 
second speed is started, is corrected in consideration of 

55 the throttie opening degree so as to estimate again a 
turt»ne torque (S30). Then, the current target rotation 
change rate (see ST) calculated prior to tiie start of the 
speed change from the first to tiie second speed is nrul- 
tiplied k>y -1 so as to obtain a new target rotation change 
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rat6(S31). 

That is, if the down-shift operation to the first speed 
is determined, as shown in Rg. 5. after the speed 
change from the first to the second speed has been 
started during the speed change operation from the first s 
to the second speed, that is. if the down-shift operation 
to the first speed is determined during the inertia phase 
control, the down-shift operation is started with the ini- 
tial speed change control, using the change in hycAaulic 
pressure Pco required to ot>tain the engagement hydrau- 10 
lie pressure Py resulting from the turtsine torque esti- 
mated at the time of determination of the 
aforementioned down-shift operation and the target 
rotation change rate, based on tiie turbine torque (see 
S6) estimated prior to the start of the torque phase con- is 
troi and the target rotation change rate (see 87). In the 
down-shift operation to the first speed stage during the 
speed change from the first to the second speed, the 
input shaft (turbine) rotation Nt decreases temporarily 
due to the aforementioned speed change. After speed 20 
change to the first speed has been terminated, the orig- 
inal rotation is regained. 

tn the above-mentioned step S30, the correction of 
the turbine torque is made by estimating a difference 
between the turbine torque as obtained in step 6 and 2S 
the current turbine torque. Such difference caused by 
the change in turbine torque is calculated from the throt- 
tle opening degree tho at tiie time of the aforementioned 
taque calculation and the current throttle opening 
degree thr. using a map as shown in Rg. 7(a). Accord- 30 
ing to the map, as shown in Fig. 7(b). if a difference A6 
between both the throttle opening degrees is positive (in 
the right direction), that is. if the current throttie opening 
degree is larger than that as calculated at the time of the 
speed change from the first to the second speed 35 
(thr/tho), even for the same currerrt throttle opening 
degree (e.g. thr ^ 60[%]). a turbine torque correction 
amount AT is set to a relatively large value. H the differ- 
ence A6 between both the throttle opening degrees is 
negative (tho>thr). the turtxne torque correction amount 40 
AT is set to a relatively small value. This prevents a 
shock in speed change which way be caused if the 
down-shift operation is advarx;ed quickly due to over- 
reduction of hydraulic pressure in the case where the 
current throttle opening degree thr is brought back 45 
closer to the calculated tfirottle opening d^ree tho. 

From the turbine torque obtained by oorrecting the 
turtxne torque value in step S6, the target hydraulic 
pressure Pt is calculated. By multiplying the target rota- 
tion change ok>taihed in step S8 by -1, the downward so 
gradierrt is set to calodate the hydraulic pressure 
change rate Pox Consequentiy, the down-shift operation 
is started with the initial speed change control. The rea- 
son for this will be descried below. If there is a change 
in rotation speed upon estimation of the engine torque, ss 
ft is cliff icuft to detect the engine rotation precisely with 
no delay because the engine is in a transient state, that 
is. because a load resufting from a difference between 
an automatic transmission input torque determined by 



the torque capacitance of the frictional engagement ele- 
ments and an actual engine torque is inposed on the 
engine (the state in which the engine is caused to rotate 
by the transmission). Similariy, another reason is that it 
is difficult to set a target rotation change at the time of 
initial change in the newly input rotation k>y detecting the 
speed change ratio of the autontatic transmission in the 
transient state. 

If tiie first speed stage is selected in determining 
the target gear stage (SI 6) during the completion con- 
trol (815) as shown in Rg. 2(a). like In the step S30. the 
turt>ine torque value estimated in step 86 is conrected in 
consideration of the aforementioned change in the 
tiirottie opening degree, to estimate a new tuit>ine 
torque (S32). Based on the turbine torque value, the 
down-shift operation is started with the calculation of 
the target rotation change rate as shown in Rg. 2(b). 

That is. based on a turbine torque Tj obtained by 
adding the above-mentioned conected value to a tur- 
bine torque estimated prior to the start of the torque 
phase control as shown in Rg. 6, the engagement 
hydraulic pressure Pt is calculated as shown in Rg. 
8(a). Also, based on the target rotation change rate a>* at 
this time, the hydraulic pressure change rate Po is cal- 
culated as shown in Rg. 8(b). After tiie speed change 
from the first to the second speed is terminated, in 
response to the determination of the speed change to 
the first speed stage, the initial control of the down-shift 
operation is executed, using the engagement hydraulic 
pressure Pt and the hydraulic pressure change rate P<dl 
Subsequentiy, the speed change from the second to the 
first speed is started, arxf then the inertia control is exe- 
cuted so as to terminate the speed change from the 
secorxf to the first speed. Then, the hydraulic pressure 
is released and the mufti-speed-change control is termi- 
nated. If the speed change to the first speed stage is 
determined after the speed char>ge from the first to the 
second speed has been terminated, as described previ- 
ously, the input shaft (turbine) rotation speed Nt is 
changed based on the speed change from the ffrst to 
the second speed and the speed change from the sec- 
ond to ttie first speed. Then, with the termination of the 
speed change from the second to the first speed, the 
original rotation speed is regained. 

Although the mufti-speed-change control in the 
case where the down-shfft to the first speed stage is 
determined during the yp-shift operation from the first to 
the second speed has t^een explained above, tiie same 
control may be executed also in the case where the 
down-shift is determined during other L4>shift opera- 
tions, for example, from the secorxJ to the tiiird speed. 
Furthermore, the same corrtrol may be executed also in 
the case where the up-shift operation is determined by 
a manual operation or the like during the down-shift 
operation. 

Claims 

1. An automatic transmission control apparatus oom- 
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prising a control unit for receiving signals from 
respective sensofs based on a vehicle running 
state and outputting a hydrauOc pressure signal to 
hydraulic pressure control means tor controlling a 
hydraulic pressure applied to a hydraulic pressure 5 
servo of a predetermined frictional engagement 
element, wherein said control unit has multi-speed* 
change control means for outputting said hydraulic 
pressure signal for a second speed change 
depending on the speed change state of a first to 
speed change operation when the second spised 
change is determined during the first speed change 
operation based on the signals from said respective 
sensors. 

IS 

An automatic transmission control apparatus 
according to claim 1. wherein said multi-speed- 
change control means sweeps hydraulic pressure 
at a predetermined gradient before said first speed 
change operation causes a change in rotation of an 20 
input shaft, and outputs said hydraulic pressure 
control signal to cause a predetermined change in 
the rotation of said input shaft when said first speed 
change operation causes said change in the rota- 
tion of said input shaft 2s 




opening degree at the time of determination of said 
second speed change and then conecting an input 
torque on which hydraulic pressure control in said 
first speed change operation is based using said 
correction value. 

7. An automatic transmission control apparatus 
according to claim 6. wherein when said throttle 
opening degree is smaller at the time of determina- 
tion of said second speed change than at the time 
of said first speed change operation, said correction 
value is set so as to be smaller than when said 
throttle opening degree is larger at the time of 
determination of said second speed change than at 
the time of said first speed change operation. 



An automatic transmission control apparatus 
according to daim 1 or 2, wherein said first speed 
change operation includes a plurality of hydraulic 
pressure control stages, said second speed change 30 
operation includes a plurality of hydraulic pressure 
control stages, and said mutti-speed-change con- 
trol means sets the hydraulic pressure control 
stages of said second speed change operation in 
accordance with the hydraulic pressure control 35 
stages of said first speed change operation at the 
time of determination of said second speed 
change. 

An automatic transmission control apparatus 40 
according to daim 2, wherein said predetermined 
change in rotation is set based on a target rotation 
change calculated in said f irst speed change oper- 
ation. 

45 

An automatic transmission control apparatus 
according to claim 2. wherein an input torque at the 
time of determination of said second speed change 
is estimated, and said second speed change oper- 
ation is started with a hydraulic pressure corre- so 
spending to said input torque. 



An automatic transmission control apparatus 
according to claim 5 wherein said input torque at 
the time of determination of said second speed ss 
change is obtained t>y calculating a correction value 
from a difference between a throttle opening degree 
on which hydraulic pressure control in said first 
speed change operation is based and a throttie 
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